Objective To determine whether vitamin E supplementation influences the incidence or rate of progression of age related maculopathy (AMD). Design Prospective randomised placebo controlled clinical trial. Setting An urban study centre in a residential area supervised by university research staff. Participants 1193 healthy volunteers aged between 55 and 80 years; 73% completed the trial on full protocol.
Introduction
Age related macular degeneration (AMD) is now the leading cause of blindness and loss of vision in developed countries.
1 2 This is due to the increased life expectancy and "greying" of the population and the successful control and treatment of other causes of blindness, such as ophthalmia neonatorum, cataract, or diabetic retinopathy. Population based studies have shown that the age specific prevalence of AMD rapidly increases in people aged over 60 years. [3] [4] [5] Two thirds of people in their 90s will have AMD, and one quarter will have the most severe form (late), which is associated with serious loss of vision. 2 The cause or causes of AMD are unknown, and treatment is only partially effective and appropriate in only a few. 6 There is no effective method of prevention.
A genetic basis for AMD has been suggested, 7 and the genes for some similar macular disorders that occur in younger people have been described. 8 9 Associations with several measures of cardiovascular disease and its associated risk factors are inconsistent. 10 11 Cigarette smoking is a significant risk factor for both the incidence and progression of AMD. 4 Exposure to sunlight may contribute to its development, 12 but this association is inconsistent. 5 13 Many of the early changes of AMD occur at the level of the retinal pigment epithelium and failure to repair oxidative damage may be an early step in its development. Case-control and cross sectional studies have examined the association between intake or plasma concentrations of antioxidant vitamins and AMD. 14 15 The findings have been inconclusive and sometimes contradictory. It is unclear whether this reflects the lack of a biological linkage or methodological difficulties in study design, dietary ascertainment, or biochemical measurements of vitamin E.
A recent study investigated the effects of the combined antioxidant vitamins A, C, and E and zinc on the development of cataract and AMD. The results showed some partial protective effect of antioxidant supplements on the progression of moderately advanced AMD, but only when both eyes were affected. 16 We undertook a prospective randomised controlled trial to examine whether a high dose supplement of vitamin E influenced the development of AMD. ous disease, or sensitivity to vitamin E or who were taking steroids or anticoagulant treatment.
We obtained written informed consent. The project was approved by the standing committee on ethics in research on humans at Monash University (project 50/91).
Annual follow up examinations were planned within one month of the anniversary of enrolment. Follow up ended in January 2000. A standardised eye examination was performed that has been described in detail elsewhere. 18 It included the measurement of best corrected visual acuity, visual function (VF-14), slit lamp examination, and funduscopy and photography through dilated pupils.
Randomisation
Participants randomly received either 500 IU natural vitamin E (335 mg d-tocopherol) in a soybean oil suspension encapsulated in gelatin or a matched placebo capsule containing only the soybean oil. Study numbers were allocated sequentially by the study coordinator as participants were enrolled in the study. Participants were then randomly allocated to treatment group. This random allocation was performed by using a "permuted blocks" allocation scheme. The allocation list was stored at a remote site.
Bulk medications were dispensed into labelled jars by a person not involved in the study. Vitamin E and placebo were dispensed on different days to avoid confusion. Identical containers were used. The jars were packed in numerical order and then dispensed by study personnel.
Vitamin E and placebo capsules were of identical appearance and taste. Neither study staff nor examiners or participants were aware of the treatment allocation, although all knew that participants would be randomly assigned to receive either vitamin E or placebo.
The number of bottles and capsules returned by participants during the course of the study were documented as one measure of compliance. Participants were encouraged to report any adverse effects immediately and were asked specifically about adverse events and compliance during quarterly telephone calls or letters and at the annual examination. Adverse effects were investigated and periodically reported to the data monitoring and safety committee for review.
Outcomes
The primary outcome of the study was the development of early AMD (fig 1) . Secondary outcomes were the progression of early AMD, the development of late AMD (fig 2) , changes in visual acuity (the number of letters read on the LogMAR chart), and changes in visual function (VF-14 score).
Grading of age related macular degeneration
The clinical assessment of AMD was performed with 90 and 78 dioptre lenses and was graded according to the international classification. 19 One frame simultaneous stereophotographs of the macula were taken with a Nidek 3-DX fundus camera (Nidek, Japan) with Kodachrome 64 ASA colour film. These photographs were graded independently for AMD by trained graders according to the international classification. 19 20 Sets of circles were used to estimate drusen size and the area affected with drusen or abnormalities in retinal pigmentary. At the end of the study we reassessed the initial and final photographs for any change with a "side by side" comparison in a masked and randomised fashion.
The grading of retinal photographs was performed over five years. Two people graded the baseline slides (grading was in the proportion 70:30). Slides for the remaining four years of follow up were graded by GT. To prevent systematic bias or drift we carried out retraining followed by observer trials every three months, when 10% of randomly selected slides were regraded. All cases of late AMD were also included in this masked regrading. We assessed agreement between observers by unweighted kappa statistics: ranged from 0.77 (95% confidence interval 0.30 to 1.00) for hyperpigmentation to 0.86 (0.40 to 1.00) for soft distinct drusen and 1.00 for soft indistinct drusen, hypopigmentation, and late AMD. Cases in which the retinal changes were questionable or uncertain were referred to a retinal specialist for adjudication.
Because the international classification and grading system for age related maculopathy and age related 4 5 19 we modelled several different definitions of early AMD (table 1) . Early AMD-3 was the primary outcome.
We considered that AMD progressed through six stages: (a) no drusen or only hard drusen; (b) intermediate drusen or hyperpigmentation without hypopigmentation; (c) soft drusen or pigmentary change; (d) soft drusen and pigmentary change; (e) geographic atrophy; and (f) neovascular AMD. We defined progression as movement from a lower stage to a higher stage. Participants were categorised by their worse eye.
We defined the incidence of early AMD as the appearance of early AMD in at least one eye of participants who did not have AMD in either eye at baseline.
Late AMD included neovascular AMD with serious or haemorrhagic detachment of the retinal pigment epithelium or sensory retina, characteristic haemorrhages, or subretinal fibrous scars. 19 We defined atrophic late AMD as a central areolar zone of retinal pigment epithelial atrophy with visible choroidal vessels, at least 175 m in diameter, in the absence of signs of neovascular AMD in the same eye.
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Sample size
The VECAT study was initially designed to evaluate cataract, and the original estimation of sample size was based on a four year progression rate of 15% for nuclear cataract. 21 One thousand people allocated in a 1:1 ratio to vitamin E or placebo would detect a 15% reduction (type I error of 0.01, power 0.95), with allowance for a 10% annual loss due to death or withdrawals.
Given a sample size of 1000 people we calculated the power to detect changes in the incidence and progression of early AMD from published data. 3 22 Power calculations were based on baseline data with type 1 error of 0.05 and a power of 0.80. The final statistical power of this study to detect a 50% reduction in the incidence of early AMD (early AMD 3) was 82%. The power to detect a 50% reduction in the progression of early AMD was 98%. However, the power to detect a change in the incidence or progression of individual features of AMD such as soft drusen and pigment changes was lower (<70%).
We used the nQuery Advisor ' software program, release 2.0 (Statistical Solutions, Crosse's Green, Cork, Ireland) for all power calculations.
Data analysis
Data were entered directly on to either a computer or self coding forms. Open ended responses were coded later. Double data entry was used. Data were cross checked for inconsistencies. The allocation code was not broken until all the data cleaning had been completed and the dataset "locked." Analyses were based on intention to treat. However, we performed subanalyses including only those who continued on protocol-that is, those who took the study capsules to the end of the study. We used SPSS 8.0 (SPSS, Chicago, IL) in the data analyses.
The safety committee assessed adverse events each year. The study was to be stopped if serious adverse effects occurred that were attributed to vitamin E. There was no interim analysis of the outcomes for the duration of the study.
Results
Characteristics of participants
We enrolled 1193 participants (fig 3) . The groups were highly comparable with no differences in baseline characteristics except for a small excess in the number with cortical lens opacities in the vitamin E group ( 2 =5.6, P=0.02, table 2).
The rate of compliance with the study protocol for treatment and examinations was high and similar for both groups (tables 3 and 4). In the vitamin E group eight people were excluded from final data analysis: six developed diabetic retinopathy, one had myopic degeneration, and one had missing data. Six people were excluded from the placebo group: two developed adult vitelliform macular degeneration and four had missing data.
Mean serum vitamin E concentrations at baseline were 39.4 (SD 20.9) mol/l in the vitamin E group and 35.3 (6.6) mol/l in the placebo group. At two and four years respectively, the concentrations were 63.8 We assessed compliance by counting left over capsules, and 78% of participants had a compliance rate of 80% or higher based on intention to treat analyses. There was no difference in compliance between the two groups ( 2 =3.61, df=1, P=0.46). We measured plasma concentrations in a subgroup of participants to assess compliance with treatment allocation.
Adverse events
We classified adverse events according to the body system affected. No serious adverse events were reported, though 678 people reported at least one adverse event.
There was no significant difference between overall number and type of adverse event between the two groups ( 2 =1.82, df=7, P=0.97). A total of 174 adverse events were potentially related to the use of study capsules, 91 (15%) in the vitamin E group and 83 (14%) in the placebo grpup ( 2 =0.48, df=1, P=0.49). Ophthalmic adverse events were reported by 105 (18%) in the vitamin E group and 90 (15%) in the placebo group ( 2 =1.44, df=1, P=0.23).
Early AMD
Incidence-There was no difference in the four year incidence of early AMD in the two treatment groups over the four years (table 5) . This was true for each definition tested and for both grading of photographs and clinical grading. Similarly, there was no difference between the incidence of the separate features of early AMD and treatment, except for hypopigmentation. Hypopigmentation was significantly less common in those on vitamin E, although the clinical significance of this is unclear. In addition, there were no differences between the groups in the prevalence of early AMD, its component features, or late AMD at baseline or at four years by either grading of photographs or clinical grading (tables 6 and 7).
Progression-According to grading of photographs 95 of 491 (19%) in the vitamin E group showed progression compared with 90 of 506 (18%) in the placebo group (relative risk=1.09, 0.84 to 1.42). By clinical grading, we observed progression in 40 of 508 (7.9%) in the vitamin E group and 31 of 514 (6.0%) in the those placebo group (1.31, 0.83 to 2.07). We saw no difference in the rate of progression of drusen types by treatment group (hard drusen being replaced by soft drusen, intermediate soft drusen being replaced by soft distinct or indistinct drusen, or the increase in area of either soft distinct or soft indistinct drusen; data not shown).
A masked "side by side" comparison of photographs from baseline and at four years showed no significant difference between the two groups (table 8) . There was slightly more progression in the vitamin E group, which was only marginally significant (1.26, 1.01 to 1.57).
Additional analysis
Analysis of best corrected visual acuity and visual function data showed no differences between the groups (data not shown). Similar numbers of people lost more than nine letters (two lines) of visual acuity (59 in vitamin E group, 57 in placebo group).
Further analyses included all cases of AMD, geographic atrophy alone, and neovascular AMD alone. Subgroup analyses included current smokers, those with a family history of AMD, and those with a high ocular exposure to visible light or to ultraviolet-B radiation. In none of these analyses was there a difference between the two treatment groups. Similarly, no difference was found when we repeated the analyses and controlled for the baseline presence of cortical lens opacities.
Finally, a multiple logistic regression analysis that included potential confounders of incidence or progression showed no association between the study intervention and the incidence or progression of early AMD. 
Discussion
In this four year study of the effect of vitamin E supplementation of the development and progression of early age related macular degeneration (early AMD-3) we found no protective or deleterious effect of the daily dietary supplementation of 500 IU vitamin E on incidence or progression. Further analysis of the incidence of individual features of early AMD also showed no protective effect of supplementation except for a decrease in retinal hypopigmentation. However, the clinical significance of this finding is unclear and it may be due to chance alone. The secondary analyses of visual acuity and visual function also failed to show an intervention effect. To our knowledge this is the first prospective randomised controlled trial to evaluate vitamin E supplementation and age related macular degeneration.
The strengths of this study include the sample size, the high rates of compliance and follow up, the prospective and randomised design, and photographic documentation. Weaknesses in the study were the relatively short follow up (four years) and the relatively low proportion of cigarette smokers.
We saw no deleterious effects associated with vitamin E supplementation, and the adverse effects that were reported occurred with a similar frequency in each group. This is consistent with data from another recent report about vitamin E supplementation. 23 The physicians health study showed that physicians who used either vitamin E or multivitamins had a 13% and 10% reduction in the risk of AMD respectively, although this finding was not significant. 24 Since we completed our study results from the age related eye disease study (AREDS) have become available. 16 That study examined the effect of a combination of antioxidants (vitamin C 500 mg/day; vitamin E 400 IU/day; carotene 15 mg/day) with and without zinc (80 mg as zinc oxide and copper and 2 mg as cupric oxide). They found a reduction in the progression of photographic signs of AMD but only in those with moderately advanced disease in both eyes. They found no effect on earlier or later stages of AMD or in those with unilateral disease. They did not examine the effect of vitamin E supplementation on its own.
Implications
The lack of a protective effect of vitamin E supplementation is somewhat disappointing. Possibly our follow up period was too short and vitamin E may need to be taken for a long time, if not for the whole of life, or in combination with other antioxidants. There may be a long time lag between the time of damage and the appearance of clinical signs. In addition, antioxidants may be effective only in certain subgroups of people who are at particular risk or who have a high exposure to retinal damage or oxidation, such as those with a genetic susceptibility, cigarette smokers, or those with a high ocular light exposure. 25 Alternatively, our findings may mean that vitamin E does not have an important role in protecting against macular degeneration. This last conclusion would be consistent with the variable and often contradictory results obtained from previous cross sectional studies.
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What is already known on this topic
Age related macular degeneration is the leading cause of loss of vision and blindness in elderly people; for people aged >90 years, two out of every three will be affected and one in four will become blind Currently, there are no methods of prevention or treatment in most cases, though a third of cases are due to cigarette smoking Antioxidant vitamins have been suggested as a possible prevention
What this study adds
Daily supplementation with 500 mg vitamin E for four years did not alter the incidence or progression of AMD
